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[57] ABSTRACT

A method of manufacturing an air-tight ceramic con-
tainer is disclosed. This method includes the steps of
coating an active metal consisting of Ti and/or Zr on an
opening end face of a ceramic tubular member 1n an
amount of 0.1 to 10 mg/cm?, thereby forming an active
metal layer, placing a brazing filler metal on the active
metal layer, placing a metal cover member for shielding
an opening portion of the ceramic tubular member so
that a peripheral portion end face of the metal cover
member is in contact with the brazing filler metal, and
melting the brazing filler metal by heating, thereby
brazing the metal cover member to the opening end face

of the ceramic tubular member:

13 Claims, 9 Drawing Sheets
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1
AIR-TIGHT CERAMIC CONTAINER

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a method of manu-

facturing an air-tight ceramic container and a method of

manufacturing a vacuum interrupter using the air-tight
ceramic container.

2. Description of the Prior Art

A ceramic is an insulative material having a good
‘heat-resistance and hence is used as a material for vari-
ous electrical parts. On example is an air-tight container
~ used in an electrical part such as a vacuum interrupter.
Such an air-tight container is used in such a manner that
its interior is maintained in a vacuum state or filled with
an inert gas. Therefore, in order to maintain such an
internal atmosphere, an air-tight property must be
strictly maintained.

As shown in FIG. 1A, a conventional airtight ce-
ramic container has a structure in which opening end
faces of ceramic tubular member 1 are shielded by metal
cover members 2. In manufacturing such an air-tight
ceramic container, the opening end faces of ceramic
tubular member 1 is metallized, then metal cover mem-
bers 2 is bonded thereon by brazing. In this conven-
tional method, since a coefficient of thermal expansion
of ceramic tubular member 1 differs from that of each
metal cover member 2, a thermal stress is generated at a
bonding portion when the portion is cooled after being
heated upon brazing. When the thermal siress 1s large,
cracks are generated in ceramic tubular member 1, and
no sufficient air-tight property can be obtained. There-
fore, the following techniques have been proposed to
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reduce the thermal stress and prevent generation of 35

cracks.

According to a first technique, a metal having a small
coefficient of thermal expansion such as Mo or W or an
alloy having a small coefficient of thermal expansion
such as invar or Kovar is used for the metal cover mem-
ber.

According to a second technique, an end portion of
each metal cover member 2 is bent as shown in FIG,
1A, and its end face is bonded to the end face of ceramic
tubular member 1 (endface-bonding), thereby reducing
a bonding area. Since the magnitude of thermal stress
generated at the bonding portion is proportional to a
bonding area between the two members, this endface-
bonding contributes to reduce the thermal stress. In
order to obtain a sufficient bonding strength and air-
tight property at the bonding portion in the endface-
bonding, brazing filler metal layer 8 must be spread like
an unfolded. fan from the end portion of metal cover
member 2 toward the end face of ceramic tubular mem-
ber 1, as shown in FIG. 1B. ~

Metallization used in manufacturing the above air-
tight ceramic container will be described below. Con-
ventional metallizing methods are as follows

(1) A powder mainly consisting of Mo or W is applied
on a surface of a ceramic member and heated up to
1,400°0 to 1,700° C. in a reducing atmosphere to react it
with the ceramic material, thereby performing metail-
zation. Ni or the like is plated on a metallized layer as
needed. In this method, a treatment must be performed
at a very high temperature for metailizing, resulting in
complex manufacturing steps.

(2) Au or Pt is placed on a surface of ceramic member
and heated while a pressure is applied thereto, thereby
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performing metallization. In this method, since an ex-
pensive noble metal is used, manufacturing cost is 1n-
creased. In addition, since a high pressure is required to
increase a contact property, it is not preferable to apply
this method to electronic parts not allowing deforma-
tion. |

(3) An active metal such as Ti or Zr and a transition
metal such as Ni or Cu are placed on a ceramic base
material and heated at a temperature higher than the

melting point of the alloy of these metals, thereby per-
forming metallization (Japanese Patent Disclosure
(Kokai) No. 56-163093). This method utilizes the fact
that when an active metal such as Ti or Zr 1s used to
form an alloy with a transition metal such as Cu or Ni,
these alloys have a melting point lower by several hun-
dreds °C. than that of either of the metals in their eutec-
tic compositions. In this method, since the active metal
wets the ceramic material, metallization can be per-
formed substantially without pressurization. In addi-
tion, it is possible to metallize the surface of ceramic
member with a strong bond by an effect of the active

metal.
In order to manufacture an air-tight ceramic con-

tainer using any of above metallizing methods (1) to (3),
the end faces of a ceramic tubular member are metal-
lized and then metal cover members are brazed to the
tubular member. That is, since metallizing of ceramic
tubular member, and brazing of the metal cover mem-
bers must be independently performed, manufacturing
steps are undesirably complicated. Therefore, a method
has been proposed in which metal cover members are
brazed to the end faces of a ceramic tubular member
without independent metallizing step, thereby manufac-
turing an air-tight ceramic container.

The following one-step bonding method (Japanese
Patent Disclosure (Kokai) No. 59-32628) has been pro-
posed as a method of bonding a ceramic member with a
metal member without independent metallizing step. In
this method, a brazing filler metal having a low melting
point (especially an Ag-brazing filler metal) which con-
tains Ti and/or Zr as the active metal 1s used. Alterna-
tively, a foil of the above active metal and the Ag-braz-
ing filler metal are stacked, and the stacked body 1s
inserted and heated between the ceramic and metal
members. Since this one-step bonding method does not
require independent metallizing step, manufacturing
steps can be simplified.

However, in the above one-step bonding method, a
preferred bonding structure shown in FIG. 1B cannot
be obtained. When a bonding area between the ceramic
and metal members is sufficiently large, a substantially
sufficient bonding property can be obtained by the one-
step bonding method. However, if the bonding area is
small, a sufficient bonding property with a preferred
bonding structure of FIG. 1B is not attained. Therefore,
this method is not suitable to manufacture the air-tight
ceramic container described above. That 1s, even when
brazing metal foil 3 larger than the end face of metal

cover member 2 is used for brazing as shown in FIG.

1C, a filler metal layer is formed only immediately
below the end face of metal cover member 2, as shown
in FIG. 1D, because wettability of the ceramic surface
with the melted filler metal is not sufficient. As a resulit,
a clearance is easily produced in a bonding portion, and
metal cover member 2 is removed even with a small
external force. '
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A conventional vacuum interrupter using the above

air-tight ceramic container will be described below.
FIG. 2 shows a structure of the conventional vacuum

interrupter. In FIG. 2, reference numeral 1 denotes a

ceramic tubular member. Metal cover members 2z and
2b are air-tightly bonded to both opening end faces of
 ceramic tubular member 1 by brazing with Ag-filler

metal layer 8¢ and 8b, thereby constituting a vacuum

container whose interior is maintained in a vacuum. In
this vacuum container, fixed and movable conductor
rods Sa and 5b are provided to oppose each other and
extend through metal cover members 22 and 25, respec-
tively. As shown in FIG. 2, fixed conductor rod Sa 1s
fixed to metal cover member 24, and movable conduc-
tor rod 5b is movable along its axial direction. A pair of
‘contact members 3a and 3b are placed at opposing end
portions of conductor rods 5a and 5b, respectively.
Contact member 3z ts a fixed contact member, and
contact member 3b is a movable contact member.

Contact member 3b is brazed to movable conductor rod

5b either directly or through an electrode (not shown).
The other end of fixed conductor rod Sa constitutes
fixed terminal 44, and the other end of movable conduc-
tor rod 5b constitutes movable terminal 4b. Therefore,
when movable conductor rod 56 moves in the axial
direction, contact members 3a and 36 are opened/-

- closed. Bellows 7 is mounted on movable conductor rod

5b so that movable member 56 can move in the axial
direction while a vacuum air-tight state in the container
is maintained by bellows 7. A metal arc-shieid (not
shown) is provided on bellows 7 to prevent bellows 7
from being covered with arc vapor. In addition, metal
arc-shield 6 is provided to cover contact members 34
and 3b, thereby preventing ceramic tubular member 1
from being covered with the arc vapor. Therefore, an
evaporated contact member material is prevented from
being adhered on an inner surface of ceramic tubular
member 1 to cause short-circuiting.

In the above vacuum interrupter, the arc-shield 6
must be fixed at a predetermined position in the vacuum
container. For this purpose, projection 1’ is formed in
ceramic tubular member 1 as shown in FIG. 2. Projec-
tion 1’ is formed to engage with recess 6’ provided to
arc-shield 6, thereby preventing removal or movement
of arc-shield 6. Alternately, a recess may be formed in
ceramic tubular member 1 and engaged with a projec-
tion formed on arc-shteld 6. This fixing method does not
require metallization when arc-shield 6 is mounted on
ceramic tubular member 1 and therefore is economi-
cally advantageous. However, since a gap 1s inevitably

10

15

20

25

30

35

40

45

50

produced between ceramic tubular member 1 and arc-

shield 6, arc-shield 6 is vibrated or moved when the
vacuum valve is vibrated. Furthermore, when a trouble
occurs in recess 6’, arc-shield 6 may be removed from a
predetermined mounting portion, thereby degrading
withstand voltage and blocking characteristics.

As a second method of fixing arc-shield 6 to ceramic
tubular member 1, an inner surface of ceramic tubular
member 1 is metallized and then arc-shield 6 is brazed to
the inner surface. In this method, any of above methods
(1) to (3) can be used as the metallizing method. Ac-
~ cording to this method, arc-shield 6 can be prevented
from being removed or moved. However, with any of
methods (1) to (3), problems caused by metallization
occur as described above. That is, in method (1), com-
plex steps such as a high-temperature treatment are
required. In method (2), not only an economical prob-
lem is posed but also productivity is degraded because a
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tool for obtaining a sufficient pressure occupies a prede-
termined space in a brazing furnace. In method (3), it is
difficult to obtain a desired bonding strength.

FIG. 3 shows a third method of mounting arc-shield
6 on ceramic tubular member 1. That is, ceramic tubular
member 1 in FIG. 2 is divided into two ceramic mem-
bers 1g and 15, and metallization is performed to oppos-
ing end faces 9g and 9b. Then, a flange formed on arc-
shield 6 is inserted and air-tightly shielded between end
faces 9a and 9. Also in this case, any of above methods
(1) to (3) is used as the metallizing method. Therefore,
since metallization is used, the same drawbacks as in the
above two methods are present. Furthermore, this
method is economically disadvantageous because the
number of metallizing portions is increased. In addition,
since the number of portions to be air-tightly shielded is
increased, this method is disadvantageous in terms of
reliability for maintaining the air-tight property.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the above situation and has as its object to manufac-
ture an air-tight ceramic container having a sufficient
bonding strength and a high air-tight property by end-
face-bonding a peripheral portion of a metal cover
member to an opening end face of a ceramic tubular
member without independent metallizing step the open-
ing end face of the ceramic tubular member.

It is a second object of the present invention to pro-

vide a method of manufacturmg a vacuum 1nterrupter
. o

~which, part of an inner surface of a ceramic tubular

member can be simply and directly bonded to an arc-
shield with a sufficient strength without independent
step of metallizing the inner surface of the ceramic
tubular member.

According to the present invention, there is prowded
a method of manufacturing an air-tight ceramic con-
tainer, comprising the steps of: coating an active metal
consmtlng of Ti and/or Zr on an opening end face of a
ceramic tubular member in an amount of 0.1 to 10
mg/cm?, thereby forming an active metal layer; placing
a brazing filler metal on the active metal layer; placing
a metal cover member for shielding an opening portion
of the ceramic tubular member so that a peripheral end
face of the metal cover member is in contact with the
brazing filler metal; and melting the filler metal by heat-
ing, thereby brazing the metal cover member to the
opening end face of the ceramic tubular member.

According to the present invention, there is provided
a method of manufacturing a vacuum interrupter which
comprises an air-tight ceramic container obtained by
the above method; a pair of conductor rods extending
through the ceramic container from outside to inside to
oppose each other, at least one of the conductor rods
being moved in an axial direction so that the conductor
rods can be opened/closed; metal contact members
arranged at the distal ends of the conductor rods; a
bellows for moving the conductor rods in the axial
direction while maintaining a vacuum state in the con-
tainer; and a metal arc-shield, disposed to surround the
contact members, for preventing adhesion of the metal
evaporated from the contact members to an inner sur-
face of the ceramic tubular member. The manufacturing
method comprises the steps of: coating a powder of an
active metal consisting of Ti and/or Zr to an inner
surface of the ceramic tubular member in an amount of

0.1 to 10 mg/cm?, thereby forming an active metal
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layer; placing a brazing filler metal on the active metal
layer; placing the arc-shield to be in contact with the
solder metal; and melting the solder metal by heating,
thereby bonding the arc-shield to the inner surface of
the ceramic tubular member. 5

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1D are sectional views for explaining a
conventional method of manufacturing an air-tight ce-
ramic container;

FIGS. 2 and 3 are sectional views of conventional
vacuum valves, respectively;

FIGS. 4A and 4B and FIGS. 5A to 5C are perspec-
tive views and sectional views, respectively, of brazing
metal foil conveniently used in the present invention;
~ FIG. 6 is a sectional view for explaining a method of
using the thin brazing metal foil shown in FIG. 5C;

FIGS. 7 and 8 are sectional views of a vacuum inter-
rupter obtained by an embodiment of the present inven-
tion; and

FIGS. 9 to 11 are sectional views of the main part of
the vacuum interrupter obtained by other embodiments

of the present invention, respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention will be described in detail be-
low.

A bonding method which is an essential part of the
present invention will be described.

In the present invention, in order to bond a ceramic
tubular member with a metal cover member, an active
metal such as Ti or Zi is coated on a bonding surface of
the ceramic tubular member. This is not a metallization
process, but rather a coating process which differs from
a conventional technique. That is, a performed layer is
not a metallized layer but an active metal layer. Since
the metal cover member is brazed on this active metal
layer, the active metal is caused to react with the ce-
ramic upon heating. Therefore, brazing and metailiza-
tion are simultaneously performed. This bonding
method can be considered to be a one-step bonding
method, whereas no independent metallizing step is
performed in advance.

It is important in the above one-step bonding method
to coat the active metal on the ceramic surface while 1t
is in tight contact therewith and to limit its coating
amount to 0.1 to 10 mg/cmZ. Therefore, this method
differs from the conventional method in which the ac-
tive metal plate is merely placed on the surface of the 50
ceramic member. As a result of the bonding method of
the present invention, a desired bonding structure as
shown in FIG. 1B can be obtained. This i1s due to the
fact that the ceramic member surface 1s preferably met-
allized by coating the active metal thereon and setting
the coating amount of the active metal within the above
range. For example, a powder of the above active metal
was applied on a surface of an alumina ceramic disk, an
Ag-brazing filler metal (72% Ag-Cu) was placed on the
disk and heated in a vacuum, and the spreading of the
melied filler metal was checked. As a result, 1t was
confirmed that when the coating amount of the active
metal powder was 0.1 to 10 mg/cm?, the filler metal
was sufficiently spreaded, and a successful metallization
was performed. Since such a successful metallization
can be performed, even when a bonding area is small as
in end face-bonding, a good bonding structure having a
sufficient bonding strength can be obtained without any
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clearance. To the contrary, when the coating amount of
the active metal powder is too small or too large, satis-
factory metallization cannot be performed in subse-
quent brazing, and the spreading of the brazing filler
metal is poor. Therefore, a bonding having predeter-
mined characteristics cannot be obtained.

According to the present invention, by applying the
above bonding method, an air-tight ceramic container
having a highly reliable air-tight property can be ob-
tained without increasing a bonding area between the
ceramic tubular member and the metal cover member.
In addition, by applying the above bonding method to
bond the arc-shield with the inner surface of the ce-
ramic tubular member, the arc-shield can be easily fixed
thereon and is not removable thereafter.

Examples of methods of coating the active metal
powder on the bonding surface of the ceramic tubular
member in the above bonding method are as follows.

In the first method, an organic adhesive, obtained by
kneading a binder and a solvent, is applied on the bond-
ing surface of the ceramic tubular member, and a pow-
der of the active metal is sprayed on the adhesive layer.
Although the binder and the solvent used in this method
are not limited, it is preferable that they are completely
decomposed and removed in a subsequent heat treat-
ment. Examplés of the binder are polyvinyl alcohol and
ethyl cellulose, and examples of the solvent are ethanol

and tetralin.
In the second method, the active metal powder, an

organic binder, and a solvent are kneaded to prepare a
mixture, and the mixture is applied on the bonding sur-
face of the ceramic tubular member through a screen

consisting of a metal mesh or the like. The binder and

the solvent are selected from those elements listed
above.

In the third method, the active metal is coated on the
bonding surface of the ceramic tubular member by de-
position, sputtering, or the like.

In the above applying or spraying method, a particle
size is preferably not more than 40 pm in order to con-
trol the coating amount of the active metal. More pref-
erable particle size is 0.1 to 10 um, while the fluidity of
the paste is degraded if it is too large. In addition, when
a mixture of Ti and Zr is used as the active metal, a
mixing ratio is not at all limited and can be arbitrarily
set.

Examples of the brazing filler metal used in the above
bonding method are preferably Ag-brazing filler metals
such as: Ag-Cu, Ag-Cu-Sn, and Ag-Cu-Zn. In order to
perform brazing, a brazing filler metal 1s placed on the
bonding surface of the ceramic tubular member on
which the above active metal powder is coated, and a
metal member (metal cover member or arc-shield) to be
bonded is brought into contact with the brazing filler
metal and then heated to a temperature which causes

the brazing filler metal fo melt. In this brazing step, a

non-oxidizing atmosphere such as a vacuum or argon
gas atmosphere is suitable as a heat treatment atmo-
sphere.

A method of manufacturing an air-tight ceramic con-
tainer according to the present invention will be de-
scribed below. In this case, a material of ceramic tubular
member 1 is not limited. For example, an oxide ceramic
such as Al»Q3or a nitride ceramic such as AIN or Si3Ny4
can be suitably used. As for the composition of metal
cover member 2, a material which has a coefficient of
thermal expansion close to that of the ceramic tubular
member is preferably used. It is preferable that such a
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material be used because the thermal stress upon bond-
ing can be reduced as described above. Examples of a

preferable material are Mo, W, invar, and Kovar. When

ceramic tubular member 1 and metal cover member 2
are bonded to one another, endface-bonding as shown
in FIGS. 1B is used in order to reduce the bonding area,
thereby reducing the thermal stress. As described
above, in the present invention,
strength and air-tight property can be obtained by end-
face-bonding.

In the method of manufacturing an air-tight ceramic
container according to the present invention, a brazing
metal foil as shown in FIGS. 4A or 4B is preferably
used to braze ceramic tubular member 1 with metal
cover member 2. As shown in FIGS. 4A and 4B, these
brazing metal foils have rough upper surfaces with
projections protruding therefrom and smooth lower
surfaces. The brazing metal foil shown in FIG. 4B has a
hole formed through each projection. When each of
these brazing metal foils is used for brazing, its smooth
lower surface is brought into contact with the bonding
surface of ceramic tubular member 1, and the upper
surface with the protruding projections is brought into
contact with the end face of metal cover member 2.
When brazing is performed in this state, the following
effects can be obtained.

When brazing is performed, a decamposnlon gas, an
adsorption gas, and the like are released from ceramic
tubular member 1 into the container upon heating.
Therefore, in order to achieve a predetermined atmo-
sphere such as a vacuum state in the container, these
gases must be exhausted to the outside before the braz-
ing process has been completed. When the above braz-
ing filler metal foil is used, a gap is formed between the
foil and the metal cover member due to the presence of
the protruding projections. This gap, formed by the
projections, serves as a gas exhaust path located on the
upper surface of the brazing metal foil. This effect is
further improved by providing the through holes as
shown in FIG. 4B. However, this exhaust path must be

completely closed when brazing is finished so as to.

obtain a sufficient air-tight property. In consideration of
this and the stability obtained when the brazing metal
foil is placed on the bonding portion, a preferable depth
or height of the projections is 20 um o 5 mm.

Since the lower surface of each brazing metal foil is
smooth, a satisfactory bonding can be obtained on the
ceramic end face having poor wettability with respect
to a melted brazing filler metal. If a clearance is present
between the thin solder plate and the ceramic tubular
member surface, the melted brazing filler metal cannot
- sufficiently spread on the bonding surface having a poor
wettability. Therefore, a good bonding cannot be ob-
tained, resulting in a poor air-tight property. As de-
scribed above, the projections are formed on the upper
surface of each of the brazing filler metal foils in FIGS.
4A and 4B to serve as the gas exhaust path, while at the
same time producing a good bonding with its smooth
lower surface which is brought into contact with the
ceramic.,

FIG. 5A shows another preferred example of a braz-
ing metal foil. As shown in FIG. 5A, this foil has a
multi-layer structure in which two brazing filler metal
layers 31 and 33 sandwich a barrier layer consisting of a
metal having a higher melting point than that of the two
brazing filler metal layers. These two brazing filler
metal layers may be the same or different. An object of

a sufficient bonding
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using such a brazing metal foil and an effect obtained

thereby are as follows.
Unlike in a diffusion bonding or a melt welding pro-
cess, in a technique of bonding different materials by

brazing, an alloy layer is not formed by causing the

- materials to be bonded to react with one another.

Therefore, the bonding strength can not be degrade by
a weak alloy layer. However, constituent elements of
these members are sometimes caused to diffuse rapidly
in a melted brazing filler metal and react with one an-
other, thereby forming a weak alloy layer. Therefore, in
the brazing metal foil of FIG. SA, barrier layer 32 i1s
provided to prevent the melted and diffused elements in
the melted brazing filler metal from being brought into
contact with one another, thereby preventing the for-
mation of a weak alloy layer. That is, when brazing
filler metal layers 31 and 33 are melted, barrier layer 32
remains unmelted because of its high melting point.

Note that although the thickness of barrier layer 32 is
not limited, it is preferable that it falls within the range
of about 0.01 to 5 mm so as to reliably function as a
barrier and to allow easy handling.

A brazing metal foil which have both features of
FIG. 5A and that of FIGS. 4A and 4B can also be
employed. FIGS. 5B and 5C show examples of such a
brazing metal foil. In these foils, gas exhaustion as de-
scribed above with reference to FIGS. 4A and 4B can
be simultaneously performed.

FIG. 6 shows a method of manufacturlng the air-tight
ceramic container using the brazing metal foil shown in
FIG. 5C, according to the present invention. As is ap-
parent from FIG. 6, an effect other than those déscribed
above can be obtained using the brazing metal foil
shown in FIGS. 5A to §C. That is, barrier layer 32 1s not
melted upon the heating of the brazing and maintains its
mechanical strength. Therefore, even if the position of
metal cover member 2 is caused to deviated slightly,
barrier layer 32 functions as a coupling member to ob-
tain a predetermined air-tight container.

- In the method of manufacturing a vacuum interrupter
according to the present invention, the arc-shield
shown in FIG. 2 is directly bonded to the inner surface

-of ceramic tubular member 1 using the above-men-

tioned bonding method. Therefore, a bonding having a
sufficiently good strength can be obtained between both
the materials, and. the removal or movement of the
arc-shield can be prevented. As a result, the reliability
of the valve can be improved because, e.g., fluctuations
in the withstand voltage characteristic can be sup-
pressed. In addition, since no independent metallizing

“step is required, the manufacturing steps can be simpli-

fled. |
In the manufacturing of the vacuum valve, the above-

mentioned effects can also be obtained by using the

brazing metal foil shown in FIG. SA.

In the vacuum interrupter manufacturing, it is prefer-
able that the ceramic tubular member has a surface
roughness ranging from 0.1 to 10 pm in order to suffi-
ciently withstand the voltage of the vacuum valve.

The present invention will be descrlbed in more detail
below by way of its Examples.

EXAMPLE 1
(Manufacturing an Air-tight Ceramic Container)

An atr-tight ceramic container as shown in FIG. 1
was manufactured as follows.
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First, Al»O3 ceramic tubular member 1 having an
outer diameter of 60 mm, an inner diameter of 50 mm,

and a height of 60 mm was prepared. A Ti powder and

a Zr powder both having a grain size of 5 um or less
were mixed at a ratio of 9:1 and then kneaded with an
ethanol solution of methyl cellulose, thereby preparing
an active metal paste. Then, this paste was applied to
both opening end faces of ceramic tubular member 1. At
that time, a coating amount of the paste was adjusted so
that the active metal was coated in an amount of 1
mg/cm?.

Subsequently, a 50 um thick Ag brazing filler metal
(72% Ag-Cu) was placed on the above paste-applied
surface of ceramic tubular member 1. Then, metal cover
members 2 consisting of a kovar (Ni-Co-Fe alloy) were
placed on the brazing filler metal as described above
with reference to FIGS. 1A. The resultant multi-lay-
ered structure, similar to those shown in FIGS. 5A to
5C, was heated in a vacuum furnace (2 X 10—> Torr) at
850° C. for five minutes to bond metal cover members 2
to the opening end faces of ceramic tubular member 1.

After the air-tight ceramic container obtained in the
above manner was allowed to cool, it was then taken
out from the furnace, and the bond portions were
checked. As a result, brazing filler metal layer 8 which
bonded metal cover member 2 with ceramic tubular
member 1 was found to have a good bonding structure
as shown in FIG. 1B, and cover member 2 was fixed
tightly to ceramic tubular member 1. The air-tight prop-
erty of the bonding portion of the air-tight ceramic
container was evaluated by an He leakage test, and the
He leakage amount was found to be 10—10Torr.l/sec or
less, i.e., no substantial leakage was found.

EXAMPLE 2

(Manufacturing an Air-tight Ceramic Container)

As shown in FIG. 4A, a donut-like Ag brazing foil
(72% Ag-Cu) having projections which protrude to a
height of 50 pm on its upper surface, an outer diameter
of 50 mm, an inner diameter of 40 mm, and 4 thickness
of 100 um was prepared. In addition, Al;O3 ceramic
tubular member 1 having an outer diameter of 50 mm,
an inner diameter of 40 mm, and a height of 60 mm was
prepared.

1 mg/cm? of a Ti powder was applied to both open-
 ing end faces of ceramic tubular member 1. The above
Ag brazing metal foils were placed on Ti-applied sur-
faces. Following the same procedures as in Example 1,
metal cover members 2 consisting of an Ni-Fe alloy
were placed on the Ag brazing metal foil and heated in
a vacuum furnace (2 X 10— Torr) at 880° C. for six
minutes. As a result, metal cover members 2 were
bonded to the opening end faces of ceramic tubular
member 1.

The air-tight ceramic container obtained in the above
manner was then removed from the furnace and exam-
ined, after it was allowed to cool. A resulting internal
high vacuum was maintained, and the bonding state was

g00od.

EXAMPLE 3
(Manufacture of Air-tight Ceramic Container)

As shown in FIG. 4B, a donut-like Ag brazing foil
(72% Ag-Cu) having projections with a height of 100
um and a through hole provided in each projection and
having an outer diameter of 40 mm, an inner diameter of
30 mm, and a thickness of 100 pm was prepared. In
addition, Al,O3 ceramic tubular member 1 having an
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outer diameter of 40 mm, an inner diameter of 30 mm,
and a height of 40 mm was prepared.

1 mg/cm? of a Ti powder was applied on both open-
ing end faces of ceramic tubular member 1. The above
Ag brazing foil were placed on Ti-applied surfaces.
Following the same procedures as in Example 1, metal
cover members 2 consisting of an Ni-Fe alloy were
placed on the brazing foil and heated in a vacuum fur-
nace (2X10—5 Torr) at 850° C. for six minutes. As a
result, metal cover members 2 were bonded to the open-
ing end faces of ceramic tubular member 1.

The air-tight ceramic container obtained in the above
manner was taken out from the furnace after cooling
and then checked. As a result, internal high vacuum was
maintained, and a bonding state was good.

EXAMPLE 4

In this Example 4 and next Example 5, an effect of
barrier layer 32 in the brazing metal foil of FIG. SA was
checked. '

As shown in FIG. 5A, 50 um thick barrier layer 32
consisting of 13% Cr-Fe was interposed between 50 um
thick Ag brazing filler metal layer 31 consisting of 4%

- Ti-69% Ag-Cu and 50 um thick Ag brazing filler metal

layer 33 consisting of 72% Ag-Cu, thereby preparing a
brazing metal foil. In addition, AlyO3 ceramic tubular
member 1 having an outer diameter of 40 mm, an inner
diameter of 30 mm, and a height of 60 mm was pre-

pared.
The above brazing metal foil were disposed on open-

ing end faces of ceramic tubular member 1. Then, Ni-
plated metal cover members 2 consisting of an Ni-Fe
alloy were placed on the brazing metal foil and heated
in a vacuum furnace (2 X 10—3 Torr) at 850° C. for 10
minutes. As a result, metal cover members Z were
bonded to the opening end faces of ceramic tubular
member 1. The air-tight ceramic container obtained in
this manner was taken out from the furnace after cool-
ing and checked. As a result, good bonding was con-
firmed throughout the entire bonding surface.

For comparison, a bonding test was performed fol-
lowing the same procedures as described above except
that a 100 wm thick brazing filler metal foil consisting of
only 1% Ti-71% Ag-Cu was used. As a result, incom-
plete bonding portions were partially found. It can be -
assumed that these incomplete bonding portions were
produced because Ni diffused from an Ni-plated layer
of metal cover member 2 formed an alloy together with

Ti in the solder material.

EXAMPLE 5

As shown in FIG. 5C, 40 um thick 4% Ti1-69%
Ag-Cu brazing filler metal layer 31, 20 um thick Mo
barrier layer 32, and 40 wm thick 72% Ag-Cu brazing
filler metal layer 33 having a 20 um deep recess in its
lower surface for gas exhaustion were sequentially
stacked to prepare a brazing filler metal foil. In addition,
Al>QO3 ceramic tubular member 1 having an outer diam-
eter of 50 mm, an inner diameter of 40 mm, and a height
of 60 mm and 42% Fe-Ni metal cover member 2 were
prepared.

Then, ceramic tubular member 1, the brazing metal
foil, and metal cover member 2 were disposed as shown
in FIG. 6 and heated in a vacuum furnace (2X 103
Torr) at 850° C. for 10 minutes. As a result, metal cover
member 2 was bonded to an opening end face of ce-
ramic tubular member 1. The air-tight ceramic con-
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tainer obtained in this manner was taken out {from the
furnace after cooling and then checked. As a result,
although a position of metal cover member 2 is deviated
slightly, continuity was maintained by barrier layer 32,
and a good air-tight property was maintained.

EXAMPLES 6-8
(Manufacture of Vacuum Valve)
In Examples 6 to 8, a vacuum valve shown in FIGS.

7 and 8 was manufactured. In FIGS. 7 and 8, the same.

parts as in FIGS. 2 and 3 are denoted by the same refer-
ence numerals.

First, Al2O3 ceramic tubular member 1 having an
outer diameter of 123 mm, an inner diameter of 110 mm,
and a height of 170 mm was prepared, and its inner
surface 21 was polished. A degree of polishing was

10

15

adjusted to obtain surface roughness values of 0.1 um

(Example 6), 0.5 um (Example 7), and 10 pm (Example
8), respectively.

Then, a Ti powder having an average grain size of 3.5
pm was prepared and uniformly applied on a necessary
portion (portion to be bonded to arc-shield 6) on pol-
ished ceramic tubular member inner surface 21, thereby

forming active metal coating layer 12. The Ti powder .

20

25

was applied in an amount of 1 mg/cm? by a brush
through a metal mesh. However, the T1 powder may be
adhered by sputtering, vacuum deposition, or ion plat-
ing after a portion other than the necessary portion was

masked.
As shown in FIG. 8, 0.2 mm thick silver brazing filler

was interposed between Ti-applied surface 21 and pro-

30

jection 10 formed on SUS arc-shield 6, thereby per-

forming brazing. This brazing was performed at a vac-
uum pressure of 2} 10—> Torr and a temperature of
850° C. for six minutes.

As a result; the arc-shield was completely connected
without a loosening in any of Examples 6, 7, and 8.

An impulse withstand voltage test was performed for
the vacuum valves obtained in Examples 6 to 8 by a
voltage-elevating method. As a result, assuming that an
impulse withstand voltage value of the conventional
vacuum interrupter shown in FIG. 2 is 100%, a high
value of 130% was obtained in any of Examples 6 to 8.
This is because no projection 1’ was formed on the inner
surface of ceramic tubular member 1 and a perfect air-
tight property was obtained.

EXAMPLE 9
(Manufacture of Vacuum Valve)

In this Example, a bonding structure shown in FIG. 9
was formed between arc-shield 6 and ceramic tubular
member 1. In this case, projection 10 shown in FIG. 6
was not provided to arc-shield 6. However, SUS spacer
13 (for example stainless steel or Cu) and silver brazing
filler 14 were interposed between a bonding portion of
SUS arc-shield 6 and inner surface 21 of ceramic tubular
member 1.

Note that a surface roughness of polished inner sur-
face 21 of the ceramic tubular member was 0.5 pm. In
addition, following the same procedures as in Examples
6 to 8, 1 mg/cm? of a Ti powder having an average
grain size of 3.5 um was adhered as active metal powder
on a portion to be bonded, thereby forming active metal
layer 12. -

Silver brazing filler 11 and 14 were melted and braz-
ing is performed at a vacuum pressure of 2 X 10—3 Torr
and a temperature of 850° C. for six minutes.
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An impact load of 1,500 kgf was repeatedly apphed
on the obtained vacuum interrupter 100 thousand times,
but the arc-shield was not removed or got out of the
place nor loosed. | |

When a repeated impulse withstand voltage test was
performed, a value of 140% was obtained assuming that
an impulse withstand voltage value of the conventional
vacuum interrupter of FIG. 2 was 100%.

"EXAMPLES 10 & 11
(Manufacture of Vacuum Valve)

In these Examples, a stress relaxation mechanism was
used to bond ceramic tubular member 1 with arc-shield
6. That is, in Example 10, stress relaxation member 13
was interposed between ceramic tubular member 1 and

“arc-shield 6 as shown in FIG. 10. In Example 11, pro-

jection 16 was formed on part of arc-shield 6 to obtain
a stress relaxation effect as shown in FIG. 11. |

Since a coefficient of thermal expansion of arc-shield
6 is larger than ceramic tubular member 1 by about 10
times, a thermal strain may be generated in the arc-
shield upon brazing. Therefore, the structures of FIGS.
10 and 11 were formed in order to relax a thermal stress.

The arc-shield was bonded following the same proce-
dures as in Examples 6 to 8 except that the above stress
relaxation mechanism was adopted, thereby manufac-
turing a vacuum valve.

As a result of performing the impulse withstand volt-
age test as described above, the vacuum valves obtained
in Examples 10 and 11 had withstand voltage values of
135% and 140%, respectively. The arc-shield did not
cause any loosening in either vacuum valve.

EXAMPLES 12 & 13
- (Manufacture of Vacuum Valve)

In any of Examples 6 to 11, the active metal powder
having an average grain size of 3.5 um was used. There-
fore, the grain size of the active metal powder was

changed and results were checked.
That is, vacuum valves were manufactured following

the same procedures as in Example 9 except that active

- metal powders having average grain sizes of 1 um (Ex-
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ample 12) and 10 um (Example 13) were used.

As a result, in either of Example 12 (1 um) and Exam-
ple 13 (10 um), good bonding was found as in Example
7 (3.5 pm). .

EXAMPLES 14 & 15, Comparative Examples 1 & 2
~(Manufacture of Vacuum interrupter)

In order to check an effect of a coating amount of the
active metal powder, vacuum interrupters were manu-
factured following the same procedures as in Example
except that the coating amounts were 0.01 mg/cm?
(Comparative Example 1), 0.1 mg/cm?(Example 14), 10
mg/cm? (Example 15), and 50 mg/cm? (Comparatlve
Example 2).

~As a result, in Comparative Example 1 (0.01
mg/cm?), the arc-shield was not sufficiently bonded to
the ceramic tubular member and hence was moved
when an impact was applied thereto. In addition, fluctu-
ations were found in withstand voltage when the im-
pulse withstand voltage test was performed. In Com-
parative Example 2 (50 mg/cm?), incomplete bonding
portions were found, i.e.,, no good bonding was ob-
tained. As a result, ﬂuctuatlons were found in impulse
withstand voltage.
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To the contrary, in Examples 14 and 15 (0.1 mg/cm?
and 10 mg/cm?), the arc-shield was not moved, and no
fluctuations were found in impulse withstand voltage.

EXAMPLE 16

In this Example, a vacuum interrupter was manufac-
tured following the same procedures as in Example 9
except that a powder mixture of Ti:Zr=1:1 was used as
an active metal powder. As a result, the arc-shield was
not moved, and the impulse withstand voltage charac-
teristic was as good as 130%.

As has been described above in detail, according to
the present invention, an air-tight ceramic container
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member and a smooth lower surface is used as said

brazing filler metal.

6. A method according to claim 5, wherein said foil of
brazing filler metal in which a through hole is formed 1n
the projections is used.

7. A method according to claim 1, wherein a foil of

' brazing filler metal has a multi-layer structure in which

10

having a sufficient bonding strength and a high air-tight -

property can be manufactured by brazing a peripheral
endface of a metal cover member to an opening end face
of a ceramic tubular member, without independent step
of metallizing the opening end face in advance. In addi-
tion, when an arc-shield is fixed to an inner surface of
the air-tight ceramic container to manufacture a vac-
uum interrupter, the arc-shield can be easily bonded
with a sufficient strength, thereby manufacturing the
vacuum interrupter having a stable withstand voltage

characteristic.

What is claimed is:

1. A method of manufacturing an air-tight ceramic
container, comprising the steps of: coating an active
metal consisting of Li and/or Zr on an opening end face
of a ceramic tubular member in tight contact therewith
by means of an organic adhesive in an amount of 0.1 to
10 mg/cm?, thereby forming an active metal layer
which is not reacted with the ceramic member; placing
a brazing filler metal on said active metal layer; placing
a metal cover member for shielding an opening portion
of said ceramic tubular member so that a peripheral
portion end face of said metal cover is in contact with
said brazing filler metal; melting said brazing filler metal
by heating, thereby simultaneously reacting the active
metal layer with the ceramic base to form a metal-
ceramic bond and brazing said metal cover thereto.

2. A method according to claim 1, wherein a paste
containing a powder of said active metal is applied to
coat said active metal.

3. A method according to claim 1, wherein a powder
of said active metal is sprayed to be adhered on the
opening end face of said ceramic tubular member on
which an adhesive material is applied in order to coat
said active metal on said member.

4. A method according to claim 2, wherein the pow-
der of said active metal has an average grain size which
is not more than 10 pm..

5. A method according to claim 1, wherein an inte-
gral foil of brazing filler metal having an upper surface
on which a projection is formed in a widthwise direc-
tion of the opening end face of said ceramic tubular
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two brazing filler metal layers sandwich a barrier layer
consisting of a metal having a higher melting point than
that of the brazing filler metal which remains unmelted
after brazing. .

8. An air-tight ceramic container manufactured by a
method defined in claim 1.

9. A method of manufacturing a vacuum interrupter.
which comprises an air-tight ceramic container defined
in claim 1; a pair of contact rods extending from the
outside of said ceramic container through to the inside
and opposed to each other, at least one of said contact
rods being moved in an axial direction so that said
contact rods can be opened/closed; metal contact mem-
bers arranged at the distal ends of said contact rods; a
bellows for moving said contact rods in the axial direc-
tion while maintaining a vacuum state in said container;
and a metal arc-shield, positioned to surround said
contact members, for preventing the metal evaporated
from said contact members from adhering to an inner
surface of said tubular member, comprising he steps of:
coating a powder of an active metal consisting of Li
and/or Zr to an inner surface of the ceramic tubular
member in tight contact therewith by means of an or-
ganic adhesive in an amount of 0.1 to 10 mg/cm?,
thereby forming an active metal layer which is not
reacted with the ceramic member; placing a brazing
filler metal on said active metal layer; placing said arc-
shield to be in contact with the brazing filler metal;
melting said brazing filler metal by heating thereby
simultaneously reacting the active metal layer with the
ceramic base to form a metal-ceramic bond and brazing
said arc-shield to the inner surface of said tubular mem-
ber. '

10. A method according to claim 9, wherein a paste
containing a powder of said active metal is applied in
order to coat said active metal.

11. A method according to claim 9, wherein a pow-
der of said active metal is sprayed to be adhered to the |
inner surface of said ceramic tubular member on which
an adhesive is applied in order to coat said active metal.

12. A method according to claim 9, wherein a stress
relaxation member is provided to said arc-shield, and
said stress relaxation member is bonded by way of braz-
ing directly to the inner surface of said ceramic tubular

member.
13. A vacuum interrupter manufactured by a method

defined in claim 9.
* 0k % %k K
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